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affect soil health, microbial communities, and potentially 
human health through the food chain (Mlinarics et al. 2009). 
In these contaminated environments, bacteria can evolve 
traits that confer tolerance to heavy metals and resistance to 
antibiotics, leading to complex ecological and public health 
challenges (Chen et al. 2019; Zhou et al. 2022; Gillieatt and 
Coleman 2024). Automotive scrapyards are recognized as 
hotspots for heavy metal contamination, which can cre-
ate selective pressures on bacterial populations, leading to 
the development of metal-tolerant and antibiotic-resistant 
strains (Barbosa et al., 2022; Liu et al. 2024). Despite the 
known environmental impacts, there is a lack of compre-
hensive studies investigating the simultaneous expression 
of heavy metal tolerance and antibiotic resistance traits 
in bacteria isolated from these environments (Najar et al. 
2022). This knowledge gap limits our understanding of how 

Introduction

The rapid industrialization and urbanization of recent 
decades have led to the proliferation of automotive scra-
pyards (Guilin 2015; Ibe et al. 2020), which are essential 
for recycling and waste management. However, these scra-
pyards often pose significant environmental risks due to the 
accumulation of heavy metals and other pollutants. Heavy 
metals such as cadmium, nickel, lead, and chromium are 
known to persist in the environment and can adversely 
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This study investigates the physicochemical properties, heavy metal concentrations, and bacterial profiles of contaminated 
scrapyard soils compared to fertile agricultural soil. The results indicate that scrapyard soils exhibit higher bulk density 
(1.10 1.30 g/cm³), lower organic carbon (0.80 1.10%), and reduced organic matter (1.37 1.90%) levels, suggesting deterio-
ration in soil fertility. Electrical conductivity is significantly elevated (0.70 0.80 dS/m), indicating increased ionic strength. 
Heavy metal analysis reveals significantly higher concentrations of Pb (14 18 mg/kg), Cd (3 7 mg/kg), Zn (20 40 mg/
kg), Cu (23 35  mg/kg), Ni (23 30  mg/kg), and As (3.85 5.5  mg/kg). Bacterial loads in scrapyard soils (3.08 3.76 Log 
CFU/g) are considerably lower than in control soil (7.88 Log CFU/g), alongside decreased soil enzyme activities, includ-
ing dehydrogenase (130 170 µg TPF/g/h), urease (110 130 µg NH₄⁺/g/h), phosphatase (70–90 µg pNP/g/h), and catalase 
(85–95 µg O₂/g/h). The study isolates Sphingomonas paucimobilis, Klebsiella aerogenes, Acinetobacter baumannii, Kleb-
siella pneumoniae, Pseudomonas reactans, and Bacillus subtilis, which exhibit varying resistance to antibiotics and heavy 
metals. A strong correlation is observed between heavy metal tolerance and antibiotic resistance (r = 0.78 0.88, P < 0.05), 
suggesting a synergistic effect where metal exposure enhances bacterial resilience to antibiotics. Notably, the MICs of 
tetracycline and ampicillin increase substantially in Cd-exposed isolates (up to 35 µg/mL and 25 µg/mL, respectively), 
while Ni exposure in Pseudomonas reactans results in a two-fold increase in the MIC of chloramphenicol (from 10.5 µg/
mL to 20  µg/mL). The correlation between soil enzyme activity and dominant bacterial species further highlights the 
influence of heavy metal contamination on microbial function. These findings underscore the environmental risks posed 
by scrapyard contamination and the adaptive mechanisms of multi-resistant bacteria in response to heavy metal stress.
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such co-expressions might contribute to microbial adapta-
tion and potentially exacerbate public health risks. The 
aim of this study is to assess the co-expression of heavy 
metal tolerance and antibiotic resistance traits in bacteria 
isolated from automotive scrapyards. This involves evaluat-
ing how bacterial isolates from these environments tolerate 
heavy metals and resists antibiotics, and determining the 
relationship between these two traits. Extensive research 
has been conducted on the co-occurrence of heavy metal 
contamination and antibiotic resistance in various environ-
ments, including soil (Wang et al. 2021; Edet et al. 2023; 
Amarasekara et al. 2023). The mechanisms of co-selection, 
horizontal gene transfer, and environmental persistence 
of multi-resistant bacteria in metal-contaminated sites has 
been well documented (Vats et al. 2022; Engin et al. 2023). 
While studies have investigated either metal tolerance or 
antibiotic resistance, limited research has examined the co-
expression of these traits within the same bacterial isolates 
from automotive scrapyards (Pal et al. 2017; Maurya et al. 
2020). These environments are characterized by high lev-
els of mixed metal pollutants and oil-derived contaminants, 
yet their influence on microbial dynamics remains under-
explored. Therefore, this study is intended to contribute to 
existing knowledge by examining bacterial adaptation to 
heavy metal stress in scrapyard soils and its implications for 
antibiotic resistance development, providing insights into 
their environmental and public health implications.

This research gap limits a comprehensive understanding 
of the ecological and health implications of heavy metal 
tolerance and antibiotic resistance in bacteria from auto-
motive scrapyards. Assessing their environmental impact 
and potential risks is crucial, as bacterial adaptation in con-
taminated environments can influence remediation efforts 
and environmental management. This study provides valu-
able insights into these adaptation mechanisms, aiding in 
the development of effective strategies for monitoring and 
controlling bacterial resistance in industrial waste-impacted 
environments. By identifying bacteria that exhibit both 
traits, the findings help predict potential risks associated with 
antibiotic-resistant pathogens. Addressing this research gap 
is essential for safeguarding public health and enhancing 
environmental protection. This study aims to: (1) Investi-
gate the co-selection of heavy metal tolerance and antibiotic 
resistance in bacteria isolated from automotive scrapyards. 
(2) Assess the correlation between metal contamination lev-
els and bacterial resistance profiles. (3) Evaluate the poten-
tial environmental and public health risks associated with 
metal-resistant and antibiotic-resistant bacterial popula-
tions. Addressing this gap is essential for safeguarding pub-
lic health and enhancing environmental protection.

Materials and methods

The sampling sites

The study was conducted at an automotive scrapyard in 
Oloje, Ilorin, Kwara State, which specializes in the collec-
tion, storage, and sale of used car parts and scrap metal. The 
soil samples were randomly collected at a depth of 0–25 cm 
from several locations within the scrapyard using the clean 
soil auger: near the entrance, areas with a high density of 
car parts, and the site perimeter. Additional samples were 
taken from areas where car fluids, such as oil and coolant, 
are commonly spilled. The dry soil samples collected were 
entirely placed in clean, labelled polyethylene bags and then 
transported to the laboratory for further analysis. The soil 
samples were grinded using mortar and pestle to reduce the 
particle size and then sieved through a 2 mm mesh to obtain 
acceptable and homogeneous samples. Each sample was 
divided into two, and the first part stored at room tempera-
ture for physicochemical and enzyme analyses as described 
by Li et al. (2015).

Physicochemical analysis

In this study, various analytical methods were employed to 
assess soil physical, chemical, and biological properties, as 
well as heavy metal concentrations. Physicochemical and 
Heavy Metal Analysis of Soil The pH of the soil samples 
was determined using a digital pH meter in 1.0:2.5 soil-
water suspension, particle size distribution was determined 
using the hydrometer method (Amos et al. 2023), Cation 
Exchange Capacity (CEC) was determined by saturating 
the samples with sodium acetate(Aprile and Lorandi 2012), 
Electrical conductivity (EC) was determined in 1.0:2.5 soil-
water saturation and organic matter using WalkleyBlack 
method as described by Bilgili et al. (2010) while the sul-
phate and phosphate concentrations of the soils were deter-
mined according to the method by Amos et al. (2023). Heavy 
metal analysis of the samples was carried out using Induc-
tively Coupled Plasma Atomic Inductively Coupled Plasma 
Atomic Emission Spectroscopy (ICP-AES Thermo Fisher 
ICAP 6300). Microbial population was estimated using the 
serial dilution plate count method (Fawole and Oso 2001).

Isolation of heavy metal-tolerant bacteria from 
scrapyard soil

Chemicals and media

Stock solutions of heavy metals (1,000 mg/L) were prepared 
using cadmium chloride (CdCl₂), lead nitrate (Pb(NO₃)₂), 
potassium dichromate (K₂Cr₂O₇), and nickel sulfate (NiSO₄) 
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(Merck, Germany). These stock solutions were sterilized 
by filtration (0.22 μm) and stored at 4 °C until use. Nutri-
ent agar and Luria-Bertani (LB) medium were used for the 
growth and isolation of microorganisms. The culture media 
were supplemented with 50 mg/L of the respective heavy 
metals after autoclaving and allowed to cool to 45–50 °C 
before being poured into sterile Petri dishes. Scrapyard soil 
samples were serially diluted in sterile saline water, with 
9 mL of saline in each of six test tubes. One milliliter of 
soil sample was added to the first test tube to achieve a 10⁻¹ 
dilution, with serial dilutions performed up to 10⁻⁶. Then, 
0.1 mL of each dilution was spread onto the metal-supple-
mented agar plates and incubated at 36–37 °C for 2 days. 
Colonies with differing morphological appearances were 
selected for further studies and subcultured on the same 
media ((Mustapha and Halimoon 2015).

Enzymatic activities

Urease activity

A soil sample of about 5 g had mixed with 5 mL of toluene, 
20 mL of distilled water, and 10 mL of 10% urea solution. 
The mixture was incubated at 37 ◦C for 24 h. After incuba-
tion, the solution was centrifuged for 5 min at 4000 rpm, 1 
mL aliquot was mixed with 4 mL of sodium phenol solution 
(containing 100 mL of 6.6 M phenol solution and 100 mL of 
6.8 M NaOH) and 3 mL of 0.9% sodium hypochlorite solu-
tion. The released ammonium in the solution was quantified 
colorimetrically at 578 nm on a spectrophotometer, and the 
urease activity was expressed as µgNH4N g − 1 soil h− 1 (Liu 
and Tan 2014).

Phosphatase activity

The reaction mixture of 5 g soil, five drops of toluene, 10 
mL of distilled water, and 10 mL of disodium phenyl phos-
phate solution had used to analyse phosphatase activity. The 
suspension was incubated at 37 ◦C for 24 h and centrifuged 
for 5 min at 4000  rpm. To add colour to the supernatant, 
a 0.25 mL of ammonia-ammonium chloride buffer, at pH 
9.6, 0.5 mL of 2% 4-amino antipyrine, and 0.5 mL of 8% 
potassium ferrocyanide was added to the solution. The phe-
nol content was determined colorimetrically at 510 nm on 
a spectrophotometer. Phosphatase activity was expressed as 
µgphenol g − 1 soil h− 1 (Tan et al. 2014).

Catalase activity

A 5 g of soil sample had mixed with 0.5 mL of toluene into 
a conical flask. The solution was stored at 4 ◦C for 30 min, 
after which a 5 mL of 3% H2O2 solution was added and 

stored again at 4 ◦C for 1 h. Afterward, 2 M of H2SO4 was 
added to the solution, and then the suspension was titrated 
with 0.01 M of KMnO4 until a faint pink colour appears in 
the solution. Catalase enzyme activity was expressed as mL 
of KMnO4 g − 1 soil h− 1 (Tan et al. 2014).

Dehydrogenase activity is determined by reducing 
2,3,5-triphenyl tetrazolium chloride (TTC), extracting 
the triphenyl formazan (TPF), and measuring as 485  nm 
(Yeboah et al. 2021).

Antibiotic susceptibility testing

The susceptibility of bacterial isolates to five antibiot-
ics Cefotaxime (30 µg), Ciprofloxacin (5 µg), Gentamicin 
(10  µg), Chloramphenicol (30  µg), and Colistin (10  µg) 
was tested using the Kirby-Bauer disc diffusion method. 
Following CLSI guidelines (2018), bacterial suspensions 
were adjusted to a 0.5 McFarland standard ensuring a uni-
form concentration of approximately 1 × 108 CFU/mL and 
inoculated onto Mueller-Hinton agar plates. After placing 
antibiotic discs on the agar surface, plates were incubated 
at 25 ± 2  °C for 24  h. The zones of inhibition were mea-
sured, and isolates were classified as resistant, intermediate, 
or sensitive based on established threshold values (Yao et 
al. 2021).

Heavy metal susceptibility testing

Bacterial isolates, adjusted to a 0.5 McFarland standard, 
were spread onto Mueller-Hinton agar plates after incu-
bation in LB broth with sub-lethal concentrations of lead 
(5 mg/L), cadmium (1 mg/L), and nickel (2 mg/L). Using a 
6 mm cork borer, wells were created in the agar, and vary-
ing concentrations of heavy metals were added. Plates were 
incubated at 37 °C for 24 h. Zones of inhibition were mea-
sured to determine susceptibility, following established pro-
tocols (AL-Sa’ady et al. 2014).

Determination of minimum inhibitory 
concentration of heavy metals

The MIC of heavy metals Cadmium (Cd), Lead (Pb), and 
Nickel (Ni) against bacterial isolates was determined by 
preparing stock solutions ranging from 50 to 200 mg/mL. 
These were diluted in Luria-Bertani (LB) broth to achieve 
sub-lethal concentrations (e.g., Cadmium at 5 mg/mL, Lead 
at 50  mg/mL, and Nickel at 2  mg/mL). Bacterial isolates 
were inoculated into sterile LB broth containing these 
diluted metal solutions and incubated at 37 °C with shak-
ing for 16–24 h. Control tubes containing LB broth without 
metal were also prepared. MIC was identified as the lowest 
concentration that inhibited visible bacterial growth. This 
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Statistical analysis

The data shown in the Tables were means (X) and standard 
errors (S.E). The results were subjected to Analysis of vari-
ance (ANOVA) using SPSS version 20.0. Duncan multiple 
range test was used to separate their means. Data analysis 
involved calculating the correlation between MIC values 
for heavy metals and resistance levels to antibiotics. Sta-
tistical analysis, such as the Pearson correlation coefficient, 
was performed to assess the strength and significance of the 
correlation, and to analyze if pre-exposure to heavy metals 
increased antibiotic resistance in the isolates.

Results

Table 1 reveals that contaminated soil from the scrapyard 
has higher bulk density (1.10–1.30 g/cm³) and lower organic 
carbon (0.80–1.10%) and organic matter (1.37–1.90%) 
compared to fertile agricultural soil. The pH of the con-
taminated soil is slightly acidic (5.6-6.0), while its electrical 
conductivity is significantly higher (0.70–0.80 dS/m). Con-
taminated soil also shows elevated levels of sulphate (24–
27 mg/kg) and phosphate (8–11 mg/kg) but lower Kjeldahl 
nitrogen (0.27–0.34 g/kg). Additionally, it has a higher sand 
content and lower clay content compared to the fertile soil.

Table 2 shows that heavy metal concentrations in scra-
pyard soils are significantly higher than in agricultural soil 
controls. Lead (Pb) ranges from 14 to 18 mg/kg in the scra-
pyard soils, compared to 4.7 mg/kg in the control. Cadmium 
(Cd) levels are 3 to 7 mg/kg, much higher than 0.5 mg/kg in 
the control. Zinc (Zn) and Copper (Cu) concentrations are 
also elevated, with Zn ranging from 20 to 40 mg/kg and Cu 
from 23 to 35 mg/kg, compared to 7.5 mg/kg and 5.35 mg/
kg in the control, respectively. Nickel (Ni) and Arsenic (As) 
levels are higher in scrapyard soils, with Ni ranging from 
23 to 30 mg/kg and As from 3.85 to 5.5 mg/kg, compared 
to 6.21 mg/kg and absent in the control. Chromium (Cr) is 

method follows standard protocols as outlined in previous 
studies (Ntabugi et al. 2021).

Determining minimum inhibitory concentration 
(MIC) of antibiotics

Stock solutions of Tetracycline, Ampicillin, and Chlor-
amphenicol were prepared at concentrations ranging from 
0.5  µg/mL to 50  µg/mL. Bacterial isolates, suspended in 
normal saline and adjusted to a 0.5 McFarland standard, 
were inoculated onto Mueller-Hinton agar plates. Antibiotic 
discs were placed on the agar, and the plates were incubated 
at 37 °C for 16–18 h. The MIC was identified as the low-
est concentration that inhibited visible bacterial growth, fol-
lowing standard protocols (Ayalew 2021).

Combined assay for heavy metal exposure and 
antibiotic resistance

To assess the impact of sub-lethal heavy metal exposure on 
the antibiotic resistance of bacterial isolates, stock solutions 
of lead (Pb) at 50  mg/L, cadmium (Cd) at 10  mg/L, and 
nickel (Ni) at 20 mg/L were prepared. These were diluted 
in Luria-Bertani (LB) broth to achieve sub-lethal concentra-
tions (Pb at 5 mg/L, Cd at 1 mg/L, Ni at 2 mg/L). Bacte-
rial isolates were inoculated into LB broth containing these 
metals, with a control set grown in LB broth without heavy 
metals. After 16–24 h of incubation at 37 °C, cultures were 
spread on Mueller-Hinton agar plates, followed by the appli-
cation of antibiotic discs (ampicillin at 10 µg, tetracycline 
at 30 µg, chloramphenicol at 30 µg). Plates were incubated 
at 37  °C for 16–18 h. Zones of inhibition were measured 
to assess changes in antibiotic susceptibility due to heavy 
metal exposure, following the protocol described by Lin et 
al. (2019)

Table 1  Physicochemical parameters of contaminated soil in scrapyard
Parameter Sampling Sites Fertile Agricultural Soil

OJ-1 OJ-2 OJ-3 OJ-4 OJ-5
Soil Bulk Density (g/cm³) 1.25 ± 0.2 1.20 ± 0.3 1.30 ± 0.2 1.18 ± 0.4 1.10 ± 0.2 0.85 ± 0.00
Organic Carbon (%) 0.95 ± 0.1 1.00 ± 0.2 1.10 ± 0.3 0.85 ± 0.2 0.80 ± 0.1 1.50 ± 0.1
Organic Matter (%) 1.65 ± 0.1 1.72 ± 0.3 1.90 ± 0.4 1.47 ± 0.3 1.37 ± 0.2 2.59 ± 0.2
pH 5.8 ± 0.2 6.0 ± 0.3 5.9 ± 0.2 5.7 ± 0.4 5.6 ± 0.2 6.50 ± 0.2
Electrical Conductivity (dS/m) 0.75 ± 0.1 0.78 ± 0.2 0.80 ± 0.1 0.70 ± 0.2 0.72 ± 0.1 50.00 ± 4.0
Sulphate (mg/kg) 25 ± 2.55 27 ± 3.41 26 ± 2 24 ± 1 25 ± 3 1.50 ± 0.1
Phosphate (mg/kg) 9 ± 1 11 ± 2 10 ± 1 8 ± 1 9 ± 1 3.00 ± 0.2
Kjeldahl Nitrogen (K) (g/kg) 0.30 ± 0.02 0.27 ± 0.01 0.34 ± 0.03 0.28 ± 0.02 0.32 ± 0.02 0.50 ± 0.03
Sand (%) 55 ± 3 54 ± 2 56 ± 3 52 ± 2 53 ± 3 65.00 ± 5.0
Silt (%) 22 ± 2 20 ± 1 21 ± 2 23 ± 1 22 ± 2 20.00 ± 3.0
Clay (%) 11.40 ± 4.3 8.91 ± 2.0 11.95 ± 6.0 11.83 ± 4.5 12.74 ± 2.3 15.00 ± 2.0
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Table 4 shows the resistance and sensitivity profiles of 
bacterial isolates to various antibiotics and heavy metals. 
For antibiotics, OM-1 and OM-3 are resistant to Ampicillin, 
while OM-2, OM-4, and OM-6 are sensitive. OM-1, OM-2, 
OM-4, and OM-5 show resistance to Tetracycline, with 
OM-3 and OM-6 being sensitive. Chloramphenicol resis-
tance is observed in OM-1 and OM-3, while OM-2, OM-4, 
and OM-6 are sensitive. Regarding heavy metals, OM-1 and 
OM-3 are resistant to Cadmium (Cd), while OM-2, OM-4, 
and OM-6 are sensitive, while, Lead (Pb), OM-1 and OM-4 
are sensitive, whereas OM-2, OM-3, and OM-6 are resis-
tant. Nickel (Ni) resistance is found in OM-1, OM-3, and 
OM-5, with OM-2, OM-4, and OM-6 being sensitive. The 
screening of bacterial isolates for metal tolerance showed 
varied growth responses across heavy metal concentrations. 
Some isolates grew well at high levels of Cadmium (Cd), 
Lead (Pb), and Nickel (Ni), while others were inhibited 
at lower levels. Tolerance was observed up to 100  mg/L 

lower in scrapyard soils, ranging from 2.5 to 3.5  mg/kg, 
compared to 5  mg/kg in the control. Iron (Fe) concentra-
tions are variable but generally lower in scrapyard soils 
compared to the control.

Table 3 presents data on bacterial loads and soil enzyme 
activities across different scrapyard soil sites compared to a 
control. Metal-tolerant bacterial counts range from 3.08 Log 
CFU/g to 3.76 Log CFU/g in scrapyard soils, significantly 
lower than 7.88 Log CFU/g in the control. Dehydrogenase 
activity varies from 130 to 170  µg TPF/g/h in scrapyard 
soils, compared to 345 µg TPF/g/h in the control. Urease 
activity is lower in scrapyard soils, ranging from 110 to 
130 µg NH₄⁺/g/h, compared to 212 µg NH₄⁺/g/h in the con-
trol. Phosphatase activity ranges from 70 to 90 µg pNP/g/h 
in scrapyard soils, while the control shows 130 µg pNP/g/h. 
Catalase activity ranges from 85 to 95 µg O₂/g/h in scrap-
yard soils, lower than 115 µg O₂/g/h in the control.

Table 2  Heavy metal concentrations in scrap yard soils
Parameter (mg/kg) Sampling Sites Control (Agricultural Soil)

OJ-1 OJ-2 OJ-3 OJ-4 OJ-5
Lead (Pb) 22 ± 10 16 ± 15 18 ± 20 14 ± 10 15 ± 1.52 4.7 ± 0.21
Cadmium (Cd) 5 ± 0.45 6 ± 0.55 7 ± 1.38 4 ± 0.53 3 ± 0.31 0.5 ± 0.18
Zinc (Zn) 30 ± 2.20 35 ± 1.25 40 ± 2.30 25 ± 1.59 20 ± 2.24 7.5 ± 5.11
Copper (Cu) 20 ± 2.55 35 ± 3.72 27 ± 2.10 23 ± 2.50 33 ± 3.99 5.35 ± 1.75
Nickel (Ni) 20 ± 3.90 25 ± 2.20 30 ± 3.50 27 ± 3.11 23 ± 1.78 6.21 ± 1.90
Chromium (Cr) 5 ± 0.37 3.0 ± 0.00 3.5 ± 0.66 3.0 ± 0.22 2.5 ± 0.00 -
Arsenic (As) 7 ± 1.85 5.11 ± 1.27 4.35 ± 0.42 3.85 ± 0.45 5.5 ± 0.25 -
Iron (Fe) 75 ± 3.15 65 ± 6.52 58 ± 5.81 72 ± 7.35 81 ± 8.52 8.1 ± 0.01

Table 4  Resistance and sensitivity profiles of bacterial isolates to antibiotics and heavy metals
Substance Threshold Values (mm) Isolates

Zone of Inhibitions
Antibiotic Resistant (R) Sensitive (S) OM-1 OM-2 OM-3 OM-4 OM-5 OM-6
Ampicillin ≥ 32 ≤ 8 R S R S R S
Tetracycline ≥ 16 ≤ 4 R R S R R S
Chloramphenicol ≥ 32 ≤ 8 R S R S R S
Heavy Metals
Cadmium (Cd) ≥ 20 ≤ 5 R S R S R S
Lead (Pb) ≥ 15 ≤ 3 S R R S R S
Nickel (Ni) ≥ 10 ≤ 2 R S R R S R
R = Resistant; S = Sensitive. Threshold values are expressed in millimeters (mm) for the zone of inhibition. Values indicate the minimum diam-
eter for categorizing resistance (R) and sensitivity (S) based on established guidelines

Sampling Site Metal-Tolerant 
Bacterial Count 
(Log10CFU/g)

Dehydrogenase 
(µg TPF/g/h)

Urease (µg 
NH₄⁺/g/h)

Phosphatase 
(µg pNP/g/h)

Cata-
lase (µg 
O₂/g/h)

OJ-1 3.08 ± 0.21c 150 ± 5.47c 120 ± 2.16bc 80 ± 1.92bc 90 ± 2.27b

OJ-2 2.93 ± 0.00c 130 ± 2.85d 110 ± 3.30c 75 ± 2.52c 85 ± 4.71b

OJ-3 3.76 ± 0.11b 140 ± 3.11c 115 ± 1.55bc 70 ± 4.49c 88 ± 3.50b

OJ-4 3.26 ± 0.15b 160 ± 6.45b 125 ± 3.95b 85 ± 4.00b 92 ± 3.87b

OJ-5 2.30 ± 0.00d 170 ± 4.40b 130 ± 2.75b 90 ± 3.22b 95 ± 2.36b

Control 7.88 ± 0.30a 345 ± 5.44a 212 ± 2.79a 130 ± 5.33a 115 ± 2.71a

Table 3  Bacterial loads and soil 
enzymes diversity in scrapyard 
soils (Mean ± Standard Error)

Superscript letters (a, b, c, d) 
indicate significant differences 
between means in the same col-
umn (P < 0.05).Duncans Multiple 
Range Test (DMRT) was used to 
compare mean values
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belonged to the genera Pseudomonas (50%), Bacillus 
(30%), and Acinetobacter (20%) (Fig. 1).

Table  5 reveals the MIC values for heavy metals and 
antibiotics among bacterial isolates. OM-1 and OM-5 have 
the highest tolerance to Cadmium, while OM-6 shows the 
lowest. OM-2 demonstrates the greatest tolerance to Lead, 
whereas OM-6 has the lowest. Nickel tolerance is high-
est in OM-1 and OM-5. For antibiotics, OM-2 exhibits the 
highest resistance to Tetracycline and Ampicillin, while 
OM-1 shows the lowest resistance. OM-6 has the highest 

for Cadmium, 50 mg/L for Lead, and up to 150 mg/L for 
Nickel, with some isolates thriving at high Nickel concen-
trations. These findings suggest that isolates demonstrating 
high tolerance, especially to Nickel, may be suitable for bio-
remediation applications.

Identification of isolates

The isolates were identified using 16 S rRNA gene sequenc-
ing. The results revealed that the majority of the isolates 

Table 5  MIC values for heavy metals and antibiotics resistance
Isolate Cadmium Lead Nickel Tetracycline Ampicillin Chloramphenicol

(MIC, µg/mL) (MIC, µg/mL)
OM-1 150 ± 10.11a 100 ± 8.21b 75 ± 5.10c 35 ± 1.57a 25 ± 1.31b 30 ± 2.62a

OM-2 90 ± 7.43a 50 ± 5.30b 50 ± 4.33b 7.5 ± 0.90a 4.5 ± 0.75b 7.5 ± 0.86a

OM-3 130 ± 9.22a 90 ± 6.18b 70 ± 5.82c 25 ± 2.28a 20 ± 1.28a 15 ± 1.75a

OM-4 90 ± 10.88a 50 ± 7.26b 65 ± 5.37b 5 ± 1.66a 7.5 ± 1.75a 10.5 ± 1.16a

OM-5 140 ± 11.45a 90 ± 8.07b 70 ± 6.11c 20 ± 0.85a 12.5 ± 1.34b 10.5 ± 0.25b

OM-6 80 ± 8.45a 40 ± 5.23c 55 ± 5.91b 5.25 ± 0.30a 7.5 ± 0.45a 5.50 ± 0.31a

Superscript letters (a, b, c, d) indicate significant differences between means in the same column (P < 0.05).Duncans Multiple Range Test 
(DMRT) was used to compare mean values

Fig. 1  Phylogenetic tree of Metal Tolerant Bacteria isolated from the scrapyard constructed by Neighbor Joining Method. Number in the parenthe-
sis represent GenBank Accession Numbers
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strong correlations with Tetracycline (r = 0.87), Ampicil-
lin (r = 0.83), and Chloramphenicol (r = 0.86), with signifi-
cant p-values. These results suggest a notable relationship 
between heavy metal tolerance and antibiotic resistance 
across the isolates.

The correlation and statistical analysis table shows the 
strength and significance of the relationship between heavy 
metal resistance and antibiotic resistance, with p-values 
indicating the statistical significance.

Table 7: Exposure to heavy metals resulted in a signifi-
cant increase in antibiotic resistance in the tested bacterial 
isolates. Sphingomonas paucimobilis exhibited increased 
resistance, with reductions of 5 mm, 10 mm, and 4 mm in 
the zones of inhibition for Tetracycline, Ampicillin, and 
Chloramphenicol, respectively, after exposure to Cadmium. 
Similarly, Acinetobacter baumannii displayed increased 
resistance when exposed to lead, with decreases of 3 mm 
and 2  mm in the zones of inhibition for Tetracycline and 
Ampicillin, while no change was observed for Chloram-
phenicol. The most substantial increase in resistance was 
observed in Pseudomonas reactans following exposure to 
Nickel, where the zone of inhibition for Chloramphenicol 
decreased by 10 mm. additionally, the minimum inhibitory 
concentration (MIC) values increased across all isolates, 

resistance to Chloramphenicol. These differences highlight 
the isolates’ varied tolerance and resistance profiles.

Table 6 presents the correlation coefficients and p-values 
for the relationship between heavy metal tolerance and anti-
biotic resistance. Strong positive correlations are observed 
between Cadmium and resistance to Tetracycline (r = 0.85), 
Ampicillin (r = 0.78), and Chloramphenicol (r = 0.82), all 
with significant p-values indicating robust associations. 
Similarly, Lead shows high correlations with resistance to 
Tetracycline (r = 0.88), Ampicillin (r = 0.81), and Chloram-
phenicol (r = 0.84), all significant. Nickel also demonstrates 

Table 6  Correlation and statistical analysis
Parameter Combination Correlation 

Coefficient 
(r)

p-value

Cadmium vs. Tetracycline Resistance 0.85 0.002
Cadmium vs. Ampicillin Resistance 0.78 0.005
Cadmium vs. Chloramphenicol Resistance 0.82 0.003
Lead vs. Tetracycline Resistance 0.88 0.001
Lead vs. Ampicillin Resistance 0.81 0.004
Lead vs. Chloramphenicol Resistance 0.84 0.002
Nickel vs. Tetracycline Resistance 0.87 0.001
Nickel vs. Ampicillin Resistance 0.83 0.002
Nickel vs. Chloramphenicol Resistance 0.86 0.001

Table 7  Impact of heavy metal exposure on antibiotic resistance in bacterial isolates
Heavy Metal Bacterial Isolate Antibiotic Zone of 

Inhibi-
tion (mm) 
- Control

Zone of 
Inhibition 
(mm) 
- Exposed

Change in Resistance MIC 
(µg/mL)

Heavy Metal 
Exposure 
Concentra-
tion (µg/mL)

Cadmium (Cd) Sphingomonas 
paucimobilis

Tetracycline 20 15 Increased Resistance (↓ 
5 mm)

35 10

Cadmium (Cd) Sphingomonas 
paucimobilis

Ampicillin 32 22 Increased Resistance (↓ 
10 mm)

25 10

Cadmium (Cd) Sphingomonas 
paucimobilis

Chloramphenicol 22 18 Increased Resistance (↓ 
4 mm)

30 10

Lead (Pb) Acinetobacter 
baumannii

Tetracycline 25 22 Increased Resistance (↓ 
3 mm)

25 15

Lead (Pb) Acinetobacter 
baumannii

Ampicillin 21 19 Increased Resistance (↓ 
2 mm)

20 15

Lead (Pb) Acinetobacter 
baumannii

Chloramphenicol 24 24 No Change 15 15

Nickel (Ni) Pseudomonas reactans Tetracycline 23 17 Increased Resistance (↓ 
6 mm)

20 20

Nickel (Ni) Pseudomonas reactans Ampicillin 25 19 Increased Resistance (↓ 
6 mm)

12.5 20

Nickel (Ni) Pseudomonas reactans Chloramphenicol 25 15 Increased Resistance (↓ 
10 mm)

10.5 20

Notes
MIC (µg/mL): Minimum inhibitory concentration of the antibiotic that prevents visible growth of the bacterial isolate, indicating the level of 
antibiotic susceptibility
Heavy Metal Exposure Concentration (µg/mL): Concentration of heavy metals used in the assay, which allows for the evaluation of their impact 
on antibiotic resistance
Control: Zones of inhibition for isolates not exposed to heavy metals
Exposed: Zones of inhibition for isolates exposed to heavy metals
Change in Resistance: Difference in zone diameter after exposure

1 3

Page 7 of 12    141 



World Journal of Microbiology and Biotechnology          (2025) 41:141 

controls, suggesting that Scrapyards, often linked to metal 
dumping and industrial activities, contribute to elevated 
lead contamination (Levin et al., 2020). Lead’s toxic effects, 
particularly on the nervous system and child development, 
raise concerns about the proximity of such sites to residen-
tial areas (Eigbike et al. 2024.

Similarly, cadmium concentrations in scrapyard soils are 
alarmingly elevated compared to control soils, emphasizing 
the need for monitoring and remediation efforts to mitigate 
exposure risks. Zinc and copper levels are also significantly 
higher in scrapyard soils; while both are essential micro-
nutrients, excessive concentrations can lead to toxicity, that 
may affect plant growth and soil microbiota. Nickel, arsenic, 
and chromium concentrations are also elevated, with the lat-
ter two absent in the control soil. Both arsenic and chro-
mium are known carcinogens that pose serious health risks. 
Exposure to these heavy metals has been shown to interfere 
with DNA synthesis and repair mechanisms, significantly 
increasing the risk of cancers, particularly lung cancer and 
other malignancies associated with environmental expo-
sure (Smith et al. 2002; Costa and Klein 2006). Research 
indicates that both metals can induce oxidative stress and 
DNA damage, key factors in carcinogenesis (Huang et al. 
2004). Additionally, even prolonged exposure to low con-
centrations of arsenic and chromium has been linked to an 
elevated risk of various cancers in humans (IARC, 2012). 
Additionally, increased iron concentrations in scrapyard 
soils may negatively influence soil fertility and microbial 
activity.

Bacterial load and soil enzyme activity

The analysis of bacterial loads and soil enzyme activities 
reveals significant differences between scrapyard soils and 
control sites, providing crucial insights into the ecological 
impact of contamination on microbial communities. Metal-
tolerant bacterial counts in scrapyard soils are markedly 
lower than those in the control, suggesting that metal con-
tamination adversely affects bacterial viability and diversity. 
This decline indicates a stress response, limiting bacterial 
growth and reproduction in contaminated environments.

Soil enzyme activities serve as critical indicators of 
microbial metabolic processes, reflecting both intracellular 
and extracellular enzymatic functions that influence nutri-
ent cycling and organic matter decomposition (Burns et al. 
2013), also show notable reductions. Dehydrogenase activ-
ity suggests decreased microbial respiration and organic 
matter decomposition. Lower urease activity in scrapyard 
soils may hinder nitrogen cycling, impacting plant growth. 
Similarly, reduced phosphatase activity may limit phos-
phorus availability for plant nutrition, while lower catalase 
activity reflects a diminished microbial capacity to detoxify 

further indicating heightened antibiotic resistance after 
heavy metal exposure. These results suggest that exposure 
to Cadmium, Lead, and Nickel enhances bacterial resistance 
to commonly used antibiotics.

Discussion

Impact of scrapyard contamination on soil pH and 
nutrient composition

The contaminated soil from the scrapyard exhibits signifi-
cant differences compared to fertile agricultural soil, affect-
ing soil health, agricultural productivity, and environmental 
sustainability. The higher bulk density of contaminated 
soil suggests potential compaction, which can restrict root 
growth and water infiltration, negatively impacting plant 
health and crop yields (Arshad et al. 1996). Although no 
formal assessment of vegetation in the scrapyard and its 
surrounding soil was conducted, the observed soil condi-
tions—such as reduced organic matter, elevated heavy 
metal concentrations, and increased salinity—suggest that 
plant growth in these areas may be limited. These factors 
could hinder agricultural productivity in nearby lands and 
affect overall soil health. Additionally, reduced organic 
carbon and organic matter levels compromise soil fertility, 
nutrient retention, and microbial activity, leading to a dimin-
ished capacity to sustain plant life and essential microbial 
communities (Spohn et al. 2023; Amoakwah et al. 2024). 
The soil’s slightly acidic pH may lead to nutrient availabil-
ity issues. Soil pH is closely related to soil microbial activity 
and heavy-metal dissolution. Soil acidification (pH reduc-
tion) increases the dissolution rate and availability of heavy 
metals in soil, posing the risk of heavy-metal pollution in 
soil. Increasing soil pH is also an important part of soil 
remediation, while elevated electrical conductivity signifies 
higher salinity, which can cause osmotic stress and ion tox-
icity in plants (Barrow and Hartemink 2023). Elevated sul-
phate and phosphate levels pose risks for eutrophication in 
nearby water bodies, while lower nitrogen levels may limit 
plant development. Furthermore, the higher sand content 
and lower clay content in the contaminated soil contribute 
to increased drainage but reduced water retention, exacer-
bating issues related to nutrient availability and moisture 
retention.

Heavy metal contamination and associated risks

The differences in heavy metal concentrations between 
scrapyard and agricultural soils highlight significant envi-
ronmental and health concerns. Lead levels in scrapyard 
soils are markedly higher than those found in agricultural 
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heavy metal tolerance, contributing to phytoremediation by 
improving plant resilience to metal stress (Ramírez et al. 
2019; Wróbel et al. 2023). Acinetobacter baumannii, while 
less dominant, plays a role in pollutant degradation and 
biosorption of heavy metals. The interaction between these 
bacteria may enhance bioremediation strategies.

Correlation between heavy metal tolerance and 
antibiotic resistance

The relationship between heavy metal tolerance and antibi-
otic resistance is crucial for understanding microbial adap-
tation in contaminated environments. Data from Table  6 
indicate strong positive correlations between heavy metal 
exposure and antibiotic resistance, suggesting that increased 
tolerance to cadmium, lead, and nickel corresponds with 
heightened resistance to specific antibiotics.

Lead exposure was found to enhance antibiotic resis-
tance, aligning with studies indicating that bacteria exposed 
to heavy metals often acquire resistance mechanisms con-
ferring tolerance to both metals and antibiotics. Similarly, 
correlations between nickel tolerance and increased antibi-
otic resistance suggest a shared genetic basis for these traits 
(Wright et al. 2006; Ejaz et al. 2022). The co-selection of 
antibiotic resistance alongside heavy metal tolerance has 
significant public health implications. Bacteria adapting to 
polluted environments may become reservoirs for multi-
drug-resistant pathogens, posing risks for food safety and 
disease transmission (Van Duin and Paterson 2016).

Implications for environmental management and 
public health

Table 7 highlights the impact of heavy metal exposure on 
antibiotic resistance. The findings indicate that heavy metal 
exposure significantly enhances antibiotic resistance in bac-
terial isolates, reinforcing concerns that environmental con-
tamination contributes to the rise of antimicrobial resistance.

For Sphingomonas paucimobilis, cadmium exposure 
resulted in reduced antibiotic susceptibility, suggesting that 
metal-induced selection pressure may activate resistance 
mechanisms such as efflux pumps or altered membrane 
permeability (Abbas et al. 2014). Similarly, Acinetobacter 
baumannii exhibited increased resistance following lead 
exposure, while Pseudomonas reactans showed a signifi-
cant reduction in the zone of inhibition for chloramphenicol 
after nickel exposure.

Resistant bacteria play a crucial role in reducing heavy 
metal bioavailability in soil through multiple mechanisms. 
These include the adsorption of soluble heavy metals and 
antibiotics, the transformation of highly reactive metal 
species into less bioavailable forms, and the enzymatic 

metabolic byproducts. The findings suggest that scrapyard 
contamination significantly reduces bacterial loads and 
enzyme activities, disrupting nutrient cycling and microbial 
diversity, potentially leading to long-term soil degradation.

Antibiotic and heavy metal resistance patterns in 
bacterial isolates

The results in Table 4 detail the resistance and sensitivity 
profiles of various bacterial isolates, including Sphingomo-
nas paucimobilis, Enterobacter aerogenes, Acinetobacter 
baumannii, Klebsiella pneumoniae, Pseudomonas reactans, 
and Pseudomonas putida, against different antibiotics and 
heavy metals.

Significant variation in antibiotic resistance was observed. 
Sphingomonas paucimobilis and Pseudomonas putida 
exhibited resistance to ampicillin, while Enterobacter aero-
genes, Klebsiella pneumoniae, and Pseudomonas reactans 
remained sensitive, indicating potential therapeutic options. 
Resistance to tetracycline was widespread among Sphin-
gomonas paucimobilis, Enterobacter aerogenes, Klebsiella 
pneumoniae, and Pseudomonas reactans, raising concerns 
about treatment effectiveness. Similar resistance patterns 
were noted for chloramphenicol.

Regarding heavy metals, Sphingomonas paucimobilis 
and Pseudomonas putida showed resistance to cadmium, 
while Enterobacter aerogenes, Klebsiella pneumoniae, and 
Pseudomonas reactans were sensitive. Notably, Sphingomo-
nas paucimobilis and Klebsiella pneumoniae were sensitive 
to lead, whereas Enterobacter aerogenes, Pseudomonas 
putida, and Pseudomonas reactans exhibited resistance, 
suggesting their adaptability to contaminated environments. 
Resistance to nickel was particularly notable in Sphingomo-
nas paucimobilis, Pseudomonas putida, and Pseudomonas 
reactans, indicating the presence of unique metabolic path-
ways or efflux mechanisms that could be harnessed for bio-
remediation applications.

Bacterial community structure and adaptation 
mechanisms

The identification of bacterial isolates from metal-contami-
nated soils using 16 S rRNA gene sequencing has provided 
significant insights into microbial community structure. The 
predominant genera identified were Pseudomonas reactans 
(50%), Bacillus subtilis (30%), and Acinetobacter bauman-
nii (20%). This distribution highlights their adaptability and 
potential roles in bioremediation.

The dominance of Pseudomonas reactans is notable 
due to its metabolic versatility, allowing it to survive in 
metal-contaminated environments. Bacillus subtilis is also 
recognized for its plant growth-promoting properties and 
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Amos IA, Edward BA, Maryam I (2023) Quality assessment of the 
physicochemical properties of soils from automobile workshops 
and transformer installations site in Lafia, Nasarawa state. Sci 
World J 18(1):20–25

Angelina E, Papatheodorou EM, Demirtzoglou T, Monokrousos N 
(2020) Effects of Bacillus subtilis and Pseudomonas fluorescens 
inoculation on attributes of the lettuce (Lactuca sativa L.) soil 
rhizosphere microbial community: the role of the management 
system. Agronomy 10(9):1428

Aprile F, Lorandi R (2012) Evaluation of cation exchange capacity 
(CEC) in tropical soils using four different analytical methods. J 
Agric Sci 4(6):278

Arshad MA, Lowery B, Grossman B (1996) Physical Tests for Moni-
toring Soil Quality. In: Doran J.W., Jones A.J., editors. Methods 
for assessing soil quality. Madison, WI. p 123– 41

Ayalew F (2021) Antimicrobial Activity Of Actinomyctes And Drug 
Resistance Profile of Common Bacteria Isolated from Munici-
pal Waste Dump Site Inbahir Dar City, Ethiopia (Doctoral 
dissertation)

Baker-Austin C, Wright MS, Stepanauskas R, McArthur JV (2006) 
Co-selection of antibiotic and metal resistance. Trends Microbiol 
14(4):176–182

Barbosa FG, Marcelino PRF, Lacerda TM, Philippini RR, Gianca-
terino ET, Mancebo MC, da Silva SS (2022) Production, physi-
cochemical and structural characterization of a bio emulsifier 
produced in a culture medium composed of sugarcane bagasse 
hemicellulosic hydrolysate and soybean oil in the context of bio 
refineries. Fermentation 8(11):618

Barbosa JZ, Poggere GC, Teixeira WWR, Motta ACV, Prior SA, Curi 
N (2020) Assessing soil contamination in automobile scrap yards 
by portable X-ray fluorescence spectrometry and magnetic sus-
ceptibility. Environ Monit Assess 192(1):46

Barrow NJ, Hartemink AE (2023) The effects of pH on nutrient avail-
ability depend on both soils and plants. Plant Soil 487(1):21–37

Basatian-Tashkan B, Niakan M, Khaledi M, Afkhami H, Sameni F, 
Bakhti S, Mirnejad R (2020) Antibiotic resistance assessment of 
Acinetobacter baumannii isolates from Tehran hospitals due to 
the presence of efflux pumps encoding genes (adeA and AdeS 
genes) by molecular method. BMC Res Notes 13:1–6

Bilgili AV, Van Es HM, Akbas F, Durak A, Hively WD (2010) Vis-
ible-near infrared reflectance spectroscopy for assessment of 
soil properties in a semi-arid area of Turkey. J Arid Environ 
74(2):229–238

Burns RG, DeForest JL, Marxsen J, Sinsabaugh RL, Stromberger ME, 
Wallenstein MD, Weintraub MN (2013) Soil enzymes in a chang-
ing environment: current knowledge and future directions. Soil 
Biol Biochem 58:216–234

Chen J, Li J, Zhang H, Shi W, Liu Y (2019) Bacterial heavy-metal and 
antibiotic resistance genes in a copper tailing dam area in North-
ern China. Front Microbiol 10:1916

Chen LK, Kuo SC, Chang KC, Cheng CC, Yu PY, Chang CH, Tseng 
CC (2017) Clinical antibiotic-resistant Acinetobacter baumannii 
strains with higher susceptibility to environmental phages than 
antibiotic-sensitive strains. Sci Rep 7(1):6319

Chukwu KB, Abafe OA, Amoako DG, Essack SY, Abia AL (2023) 
Environmental concentrations of antibiotics, biocides, and heavy 
metals fail to induce phenotypic antimicrobial resistance in Esch-
erichia coli. Sci Total Environ 899:165721

Clinical and Laboratory Standards Institute (2018) Performance stan-
dards for antimicrobial susceptibility testing; 27th informational 
supplement. M100-S28. Clinical and Laboratory Standards Insti-
tute, Wayne, PA

Costa M, Klein CB (2006) Toxicity and carcinogenicity of chromium 
compounds in humans. Crit Rev Toxicol 36(2):155–163

degradation of soil antibiotics. These processes collectively 
contribute to the detoxification of contaminated environ-
ments, thereby mitigating the ecological and health risks 
associated with heavy metal and antibiotic pollution.

The observed increase in minimum inhibitory concentra-
tion (MIC) across all isolates suggests that environmental 
contamination with cadmium, lead, and nickel contributes to 
the emergence of resistant bacterial strains. These findings 
underscore the need for stricter regulations on heavy metal 
pollution and further research into the interplay between 
environmental contaminants and antimicrobial resistance.

Collectively, these data suggest that exposure to heavy 
metals enhances antibiotic resistance among bacterial iso-
lates, posing significant public health risks as antibiotic-
resistant infections become increasingly difficult to treat. 
The co-selection of antibiotic and heavy metal resistance 
creates environments where pathogenic bacteria thrive, 
resulting in higher treatment failures and prolonged illness 
(Seiler and Berendonk 2012; Pal et al. 2015). Furthermore, 
the persistence of heavy metals in the environment exacer-
bates drug-resistant bacteria spread and endangers human 
health, necessitating stricter regulations on heavy metal 
discharges.
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